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BRYOPIINTES ON THE CALCAREOUS SOILS OF
MUNGO NATIONAL PARK.
AN ARID AREA OF SOUTHERN CENTRAL AUSTRALIA

AT Downing' and P M. Selkirk'

ABSTRACT—Brvophytes were found to be abundant as components of microbiotic soil crusts on the calcareons soils of
Mungo National Park, an arid area of sonthern central Australia. Six sites that reflected differences in soils. topography. and
vascular plant vegetation were studied. At each site brvophyvtes were abundant. both in terms of number ol species present
and percent ground cover. Number of species present did not differ significantly between sites. but percent hnvophyte cover
was lower at a site on sand dunes in mallee woodland and a site on a silerete ridge than at the tonr other sites. Environmental
lactors soil texture. pH. conductivity, nutrient status, vascular plant vegetation. light level. leaf litter. and fire frequenea
appear to play a significant part in determining brvophyte distribution. Mosses that ocenr at Mungo are also widespread on
caleareous substrates throughout arid southern Australia.

Many of the bnvophyte species present at Mungo also occur on limestones in high rainfall areas of eastern \ustralia
Environmental factors favoring brvophytic soil erusts in arid Australia are also present on limestones in high rainfall areas
of eastern Australia and may account for the presence of many arid zone bryophyte species on limestones. In Australia there
appears to be a relationship between rainfall and the ratios of acrocarpous to plenrocarpous mosses. and thallose to leafy
liverworts. Recognition of calcareous soils, widespread in arid areas of southern Anstralia. mayv be possible by assessing a

combination of characteristics of bryophite assemblages.

Key words: arid lands. Australia. bryophytes. caleareous soils. limestones. microbiotic crusts.

This investigation of brvophyte distribution
at Mungo National Park was imdertaken as part
of a wider study to determine whether there is
a suite of bl'\oph\tes conslstentl\ associated
with calcareous soils in Australia, and whether it
is possible to determine the calcarcous nature
of a substrate by the associated bryophytes.
Many by oph\Te species that occur on lime-
stones in the high rainfall areas of eastern Aus-

tralia are more usual]} associated with arid areas
()f Australia (Downing 1992, Downing et al.
1991). This studv considers the relationships
between brvophytes of arid arcas of southem
Australia and brvophytes on limestones in the
relatively high rainfall areas of castern Australia

\Illn("()\dtlondl Park (33°43'S. 142°539°E .91
m.as ) lieswithin the Australian arid zone (Fig.
1) and is well known for its significance in r\}m-
riginal prehistory. with 1\1)()1’1(711111 ocenpation
datmtf back to 40,000 v.b.p. Prior to 1922 thv
present Mungo National I’(u]\ was part of «
property of 203.000 ha carnving approximatel; I\
50,000 sheep. The pmpom was snl)sm]uvntl\
divided into smaller holdings: and. in 1975 the

holding known as Mungo was purchased by the
New South Wales National Parks and Wildlife
Senice. In 1979 .\llmgo was officially declared
a national park and was extended in 1954 when
Zanci, the adjoining property to the north. was
added to the park. Sheep and cattle were re-
moved from Mungo in 1975; their absence was
important in our selection of a studv arca. as
obsenvations of brvophytes on limestones and
siltstones at Attunga in castern Australia indi-
cate that the presence of sheep changes the
nature of brvophvte assemblages - Downing
1992). Graetz and Tongway 1956 have shown
that removal of microbiotic soil crusts by heasy
arazing canses changes in soil structure and
chemistrvwhich are significant for plant growth.
Overscas studies | Brotherson et al. 1953 Johan-
sen and St. Clair 1956, Kleiner and Harper
1972) have shown that severe trampling by graz-
ing animals can be the most damaging hazard of
microbiotic crusts in North American deserts.
Lake Mungo lics on the tlat plains of the
Murrav: Basin, a shallow sedimentan basin
created by subsidence at the Iwmmmnw of the
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Tertian. now consisting of Quatemary aeolian
sediments ove rlving Tertiary mdnnc seuences
Geological Snvey of NSW 19710 Fhndal and
lacustrine sediments were de 1)().\1&*(1 during the
Pleistocene. and these are overlain by Quater-
nan sanch to clavey caleareous se (lnnent\ the
most wide spre wad surface geological formation
ol the Murray Basin Northcote 1950 .
Calcarcons materials are a signiticant feature
ol the arcacand caléinm carbonate CaCO - can
Be prosent 13-30% " in soils as “line earth car-
bonate.” Caleinmm carbonate can be present also
o cderete nodules, which are soft to very hard
oncentrations of caleimn carbonate cemented
15 13% calammm carbonate in a usnallv
cons soil min - Goudie 19837, The
soils in the area are
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Phosphoms content is alwavs low (<0.001%
and is correlated with soil texture «Northcote
1950 Stafford Smith and Morton 1990).

Lake Mungo. avast. drv lake. is the principal
landform of Mungo National Park. The hmette
or crescent-shaped ridge that flanks the eastern
shore of Lake Mungo and dominates the land-
scape is visible from the airas faras 100 ki away.
The base of the lunette is composed of clay. silt.
and sand. topped by mobile siliceous sands.

The lake tloor consists of vellow-grev crack-
ing clavs. To the west of f the lake and to the
sontheast of the hmette are open plains of
brown calcareous earths. On the northeasten
side of the Tunette are subparabolic dines of
siliceons sands | Eldridge 1955). A low silcrete
ridge rims through the northwestermn section of
the lake. This is the onlv site within the park
where rock texeluding calerete rubble ) is found.
and the hard silerete rock has been a valuable
resource for stone tool ianufacture by Aborigi-
nal people. )

Mingo lies within the arid zone of Anstralia
as defined by Meigs 19330, with the southem
boundanof the Anstralian Arid Zone following
the 250-mim rainfall isohvet. the eastem and
northern bonndary following the 375-mm iso-
hvet.and the Indian Ocean forming the bonnd-
arvin the west  Fig. 11,
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TaLe 1. Climatic data. Mean monthh maxinnmn and minimmm temperatures €
mean maxitnum temperature. m.min.
Average monthly rainfall in v for Pooncarie.

kin SW of Mungo National Park: nimax -
of Meteorology 1975).

Meteorology 1975, Rdavs = nimnber of rain d: avs.
[N ) |
Temperature
mamax t C) 32 31 28 24 19 16
m.aiin. € 17 16 14 11 T 3
Rainfall
Mean (mm 2l 20 17 15 26 &g
Median (mm) ) S 9 10 15 19
H(l;l}:\ 33 2 2 &) 4 3

AMingo National Park has hot, div sunmimers
dn(l(()()l\\mtels [able 1—records for Mildnra,
closest tcmpe fatire-rec -mclmg station). ul\mg
into acconmt its more northerl location, mean
monthly temperatures at AMungo are likelvto be
1-2°C h](fhm'th(m those of \l]l(hlrl Frosts are
comnion dunn(f the cooler months of the vear

Rainall averages for Pooncarie. 33°22'S,
142°35'E (closest ramfall recording station to
Mumgo: Tuble 1) recorded over l()3\(nus indi-

cate an evenly distributed rainfall (Bureau of
Meteorology 1959). However, inarid Australia.
where there is considerable variation in rainfall
fromvearto vear, the mean is often much higher

than the median. and thus the median rainfall
valne is amore reliable indicator of a tvpical vear
(Burcan of Meteoroloay 1959a). NMungo Talls
within an area of moderate to high rainfall vari-
ability (Bnrean of Meteorology 1959,

\lun(ro National Park lies \\1th1n the Fastem
Mulga me)n of Arid Australia (Jessop 19S1).
The vegetation ol Mungo National Park las
been \\ell documented l)\ Rice (1956). who
recognized fonr \‘egvtutl(m types: lakebed che-
nopod  shmbland, Heterodendrun/Casuarina
woodlands, mallee woodlands, and  Tanette
vegetation.

METHODS

Siv sites that reflected dilterences in topog-
raphy; soils, and vascnlar plzmt vegetation were
selected [or study (Fig. 2). At cach site a 10-m-
I()n(f transect was set ()llt \]()110 this transect.
two adjacent rows ol T’ qn(ldmtx were stid-
ied. giving a total of twenty I-m~ quadrats for
cach site. Direction and s]npv ol cach transect
were recorded. Fieldwork was carried out in

Mayv and October 1991.
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Site A: 33°43°45°S. 143901 157K, 9S mias.l.
western shore of Lake Nimeo. An eroded area
close to Nhungo homestead and shearing shed.
Calcareons brown  earth soils. Chenopod
shrabland with Maireana pyramidata (Benth.)
P G. Wilson thlack blue bush) and occasional
C(Ixu(u‘im/ cristata Niq. ssp. panper E NMuell.
ex Miq.) L. AL S, Johnson (belah ).

Site B 337 44447S | 1307 247E L 65 s
lake floor, SW of Walls of China. Yellow-grev
cracking Chenopod shrubland with
Maireana ]JI/I(HHI(/H((I and SPATSE Urasses.

Site C: 33743 107S, 1437077307 .
lunette. castern lake shore, N of Grand Canvon
track. Yellow-grev cracking clay but with more

sand on the \llll ace than at site B. Che nol)n(l
shmbland  with Maireana  pyramidate  and
gTUSSCS.

Site D: 33747 147S, 143707 407K, S2 myas.L
belah woodland. On the plain to the cast of the
himette. Uneroded calcarcons brown earth. flet-
erodendrun oleifolinn: DestuCasuarina eris-
tata woodland with Maircana pyramidata and
Eur'/;_I//m'mz tomentosa R, Br.as imdershimbs.

Site E: 33-413'35"S, 14371072075, SS measl.
111;1]](*(‘/(]1111(*. Dune crestin subparabolic dunes.
Red siliceous sand. Mallee woodland of” Euca-
lyptus socialis ¥. NInell. ox Miq.. E. foccunda
Schaner, £, dumosa . Cunn. ex Schauer ssp.
dumosa. and Triodia irvitans R. Br var. laxispi-
cata N.T. Burb. (spinilex grass).

Site F: 339437 167S. 14302267, 73 mas.
silerete ridee, NW Lake oor Yellow-grey erack-
ing clavs. Onteropping silerete rock embedded
in the soil and scatterings of stone chips and
{lukes on the surface of the soil. Chenopod
shrubland. including Maircana pyramidata. M.
sedifolia \uell) PG Wilson pearl blue

clavs.

70 muas.l
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tested for reaction to 0.5 N TC1, for electrical
conductivity, and for pH(I1.0).

Becanse imany bryophiytes of arid regions are
ephemenals, additional soil was collected from

cach site. Pots of soil were maintained in an
mishaded glasshouse at Macquarie University,
watered with distilledt water . and kept covere «d
with sheets of glass to minimize invasion by
glasshonse brvophyte species. Specimens grow-
ing from propagnles present in the soil were
recorded.

Bryophyte specimens were identified nsing
published kevs and descriptions, partic 11L1||\'
those in Catcheside (1980), Scott (1985), Scott
and Stone (1976), Beever (198S), and Sainsbury
(1971). Assistance from sp(*ciu]ists was obtained
inidentifving some difficult specimens. The
names of 1)1\01)]1\((‘\ in this study for the most
part follow Streimann and Comow (1989) and
Scott (1955). Didymodon  subtorquatus  (C.
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Tasik 2. Number of ocenrrences of each species and brvoplinte percent
transect at cach site at Mungo National Park. A-western lake shore,
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vecorded from the
D -belah woodland.

< standard deviation
B lake floor cover. C-limette,

I—mallee/dune, F-silered l(*ndw' Each transect consists of twenty 1-ni” (]lld(ll.l[\ Mavinnimmnnber of ocenrrences possible

per site 20. © indicates species ¢ ailtivated

Species collected
l)i(h/nun/un torquatis
Briypum paclugtheca
Desmatodon convolutus
Crossidinm geleebii
Crossidinm davidai
Aloina bifrons
- Gigaspermum repens
- Barbula hornschuchiana
. Plerygoncuruom ovatuimn
10. Bryum argentem
1 1. Riceia lamellosa
12. Riccia limbata
Total mumnber of ocenrrences at cach site
Additional cultivated species
13. Funaria glabra
14. Riccia cavernosa
15. Riccia crystallina
Total number of species recorded for cach site transect

11—

(I RSS

Na

(Y

Bryoplivte % cover = sd 39 -

NMuoell, & Hl)(-) Catches. and l)z'([ym()(/(m
luelunanuii (Broth. & Geh.) Catches. are in-
cluded in Didymodon torgnatus. Where these
species ocenrred together, it proved impossible

to separate then into three distinet taxa. One of

the most commonly ocenr mw s])()c esol Tortida
in Anstraliais v le]\ re fml((l to as 1 princeps
de Not.. which Kramer (1958) concludes does
not occur in Australia. This study follows Kra-
mer (19SS) in his use of T antarctica. Distin-
anishing specimens of Desiatodon convoldus
from Crossidinm davidai proved to be ex-
tremely diffienlt. The number of cells of the
filiuments of the adaxial surlace of the costawas
selected as the (]istingnis]ling featnre: p];mts
with filaments consisting of one cell were as-
signed to Desimatodon conrolutns, those with
filaments of move than one cell to Crossidinm
davidai.

ResuLTs

Bryophyvteswere formd to be abindant conm-
ponents of the microbiotic soil crusts on most
soils within Mimgo National Park, accommting
for up to S0% cover within some quadrats. The
crust in most places was reddish hrown and
short (<2 mm high). Crustose lichens (e.g.,
Psora decipiens Hollm.) were often a conspicu-
ons ('ompon(—mt of the crusts. owever, miero-

\ B - B} I 1 Total
°20 =20 “2() 20 18 °20 115
°20 14 13 °20 "4 °17 93

3 1S 1 19 1S 12 S6

n 20 19 20 1 4 71

10 12 T 17 1 11 35

) 3 19 ) 13 13

1 °19 12 32

N { °20 3 27

1 | S ] 14

2 7 9

°1 15 ° °20 349

N °.4 ° °2 N 6

e 12 T 154 35 SO 3596

12 13 10 13 10 10

19 25 =13 3] 2 3518 2+x2 9-3

biotic crust was not present on the mobile silica
dunes of the lunette norwhere grasseswere well
estublished. Tongway Gmpublished) Tas de-
seribed a snccession from microbiotic soil erust
to grassland, which eventnallv leads to elimina-
tion of the microbiotic soil ermist as grasses domi-
nate the lllll(lS(‘Lll)(‘.

Four sites, western lake shore (A, lake {loor

limette (C), and belal (D). had similar
cover, with imcans ranging [rom 25% to 39%
(Table 2). Tawo sites, malleeZdune (B, 2% ) and
silerete ridge (19.9%) had significantly less cover
than the other sites and were different from
cach other.

A total 15 ])1}()})]1)1(- species were re-
corded from the transect sites. Ten moss species
and two liverworts were collected from the tran-
sect sites. One additional moss and two addi-
tional enltivated  in o the
glusshouse pot trials.

There was little difference in the number of
species that oconrred at cach site (Table 2). Two
sites. the lake (oor (By and belah (D), were
different from cach other but had significant]y
more occurrences per quuadrat than the westem
lake shore (A Tunette (C), mallee/dune (E) and
silerete (1),

The moss lora consisted exelnsively of acro-
CArPONS 1OSSCS. Pottiaceac was the dominant
family: not onlv in nmmber of species present, 7

liverworts  were
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ted 1t Mungo National

[ . nind at Pooncarie. © ocenrred

\loina aloides - Schnttz Kindb

var, ambiona (B3.5S.G Craig

Voina bifrons De Not' Delgadillo
Barbula crinita Schaltz
Barbuda hornschuehiana Schultz
sCrossidium datidai Catches.
Crossidinm seheebii  Broth. Broth
Desmatodon convolutus (Brid. Gront
Desmatodon reenrvatus dlook. o Mitt.
*Didymedon torguatus vl Catches,
Pterygonenrim ovation Tedw. ' Dix.
Tortula antarctica  Hpe W\ ils.
Tortula pagorum (Milder de Not.
Tortula papillosa Wils.
I:’1('/1(75‘[0111{;})\[3 australasiuce

[ook. & Grevo HL Rob.

Porinet

Bryum argentenm Hedw,
Bryum campyylothecinon Tayl.
Bryun dichotonun edw.
“Brum pacloptheca CoNnell,

Bryacn v

IUNAREACE A Funaria slabra Tavl.

Funaria hygrometrica 11edw.
FISSTDE NTAC AL Fissidens vittatus Hook. £, & Wils.
GHCASPERMACE A “Ciigaspernuon repens look.»

Lindh.

*Riccia albida Snll. ex \nstin
Riccia asprella Carring. & Pears
*Riccia carcrnose 1totfm.
Riccia crinita Tavlor

Riccia erystallina 1.
Riccia lanwllosa Raddi

diccia limbata Bisch.

Riceia nigrella DC
Riccia rovida Na Thalang
Riccia sorocarpa Bisclr.

RicCnecr

al 15 tatal hnophvte species. but also in nunmber
of 0 HY of 596 ¢ T0%

CLCCS Two species

weac acconmted for 102 ocenrrences

lora consisted exclusively of

nthe Ricciaceae. Two

I R lamellosa. were

‘ ach transect site.

I hwo ephem-

“Ta il from the
Fake e v D

I'he I sites in

terms ol act cach

transcct site Fal rred

0 oeacl nisecl s 1S
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Tasrk L ptand EC telectrical conductivity ) in 155 soil

to water extracts (uS/cm = microsiemens/ Lenlnneter' of

cacht transect site. and Pooncarie Qpsmm. + indicates soil
vffvn’vsrml with HCT.

Transect site pHl EC (1:53) Reaction to
(uS/cmt 05 N HCH

A Western lake shore 9.0 0.12 |

B. Lake tloor 9.0 0.12 +

C. Lunette 9.0 0.05 !

D. Belah 9.0 0.06

E. Mallee 6.3 0.02

F Silerete S5 0.04 +

Pooncane @psum 9.0 1.51 +

acconmted lor 71% of total number of occur-
rences (426/396). Didymodon torquaties oc-
curred most frequently. being presentin 118 of
a possible 120 quadrats. Brijiom pachytheca oc-
cnredin93 quadrats. (.10(15}): FINOI TePens Was
recorded at three of the six sites and also on the
Pooncarie gypsun.

The 32 brvophyte species collected  in
Mungo National Park included 22 mosses and
10 liverworts (Table 3). The moss flora consisted
exclusively of acrocarpous mosses. Pottiaceae
was the (101mmmt fd]ml\ and was represe nted
by 14 species. The Bryaceae consisted of 4 spe-
cies. Funariaceae 2 species, and Fissidens cit-
tatns and Gigaspermuni repens were present. It
is probable that other ephemeral species grow
from time to time within the park. The liverwort
flora consisted ol L0 species of Riccia.

PiscussioN

Bryophvtes were abundant in most of
Mungo National Park as a component ol micro-
biotic soil crusts. Two transect sites. the lake
Toor and belal, had significantly greater per-
cent cover than the ()the four sltcs Both are
sitnated in flat. low-lving areas with fine-tex-
tured. stable soils that retain moisture forlonger
periods than the more elevated. and thus more
freely draining, sites on the western lake
shore—hmette, malice. and silerete ridge. Mi-
crobiotic erusts inarid regions have consistently
been shown to be more abundant (pereent
cover) when soil texture is finer (West 1990).
Soil pHALOY for all sites with the exception of
the mallee/dune varied from .5 to 9.0, and
electrical conduetivity was highest for the lTake
floor and western laké shore., clowl\ followed by
the belal and himette sites (Tablé 4 ). Sodiimm
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chlovide is known to enhance the growth of

evanobacteria, possibly being esse atial for some
species: thus, higher salt concentrations in the
{loor of the fuke mav in fact enhance the devel-
opment ol microbiotic erust (West 1990)
Twvosites, the mallee/dune and silerete ridge.
had significantly less brvophyte cover than the
other sites, The silerete ridae has less soil si-
face avea for colonization by ])noph\t(‘s becanse
of outcropping silerete roe & and scattered stone
flakes. Anderson et al. (1952) found less well-
developed erust on 1()(la and sandyv sites than
on sites with fine-textured soils. De sspite the tact
that the soils of the silerete vidge are vellow-grev
cracking clays, similar to lhosc il ke Malee
the n(lw(* is also 2-3 1 higher than the lake floor
in whic h it ocenrs. dl]m\mg free drainage and
lessening the retention of waterin the soil. Brvo-
phytes were not formd on.or increvices in, the
silerete rock, but lichens were conspicnous and
abundant. Grinonia species are often present on
rock in arid or semiarid enmviromments in South
Australia and Western Australia. and the pres-
ence of this genus was anticipated in this Toca-
tion. The small size of the vocky onterop and its
intensive use as astone tool guarry by Aboriginal

people mav have played a part in the (ll‘)\(‘]l(( of

this genns from the park.

T IIC mallee site on the dune erest had Towest
brvophvte cover (29%) of all sites studiced. At this
site the soil consisted of coarse, sandy soil. which
was highhv mobile and very freely draining. Soil
pll (I,0) and electrical (-(mdn(tl\'lt\ were sig-
nificanthy lower than at the other sites (Table 1),
Soil pI{T10) of the dume sand was 6.3, signifi-
cantly lower than all other sites. This parallels
the work of Anderson et al. (1952). who have
shown that pH and soil texture arve the apparent

influential variables controlling the number of

lichen and moss species in microbiotic soil
crusts in Utah deserts. In their stndies of a
semidesert region in sonuthern Utah, they fonnd
that both SP((I( s diversity and abindance in-
crease with an increase in fine soil particles (silt
and clay). On dume crests in arid Anstralia sand
is deeper and more mobile than it is on the
swales between the dimes: it also retains less
moisture. The ntrient status of dune crests—
aleinm, nitrogen, and organic niatter—is sig-
nificantly lower than that of dune swales
(Bll(l\l( v 1951, 1992). Stafford Smith and Mor-
ton (1990) reported significantly lower levels of
nitrogen and phusphoms in sand dimes than in
eltllé’ calcarcous  earths  with  chenopod
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shrublands or eracking clavs. The dine soil did
not effervesce with acid. indicating mnceh lower
levels of caleimm earbonate in the soil than at any
other site (Table 4 '

The Eucalyptus mallee woodland of the
dime crests also appears to inhibit the sunival
of brvophytes, with lower light levels and more
leal litter than cither chenopod shrublands or
Heterodendron oleifoliin woodlands. Nallee
woodlands have a higher fire frequeney than
cither chenopod shmblands or Heteroden-
driom/Casnarving  woodlands — (Gill 1959,
Hodgkinson and Griffin 1952, Noble 1959).
llwh five freqnency also rednees envptogam
cover (Greene et al. 1990). & Agaspermun re-
pens, however, grows well on the loose sand of
the dune crests. It may be casier for nnder-
Ul()lll](l stens to pcnc(mtc loose. coarseh tex-
tured sand than heavie v finer-textired soils and
clavs. In some quadrats G. repens appeared to
form an underground network of steins, which
must play an important part in maintaining sm]
stability. Unde reround stems mavalso e nable €
repens to suvive live, Two epiphvtic mosses,
Tortula pagorum and T. ;m})t//mu were col-
lected from the bark of [eterodendrinn and
Casnarina eristata. Both trees have thick, cor-
rugated bark, and the accrmulated dust in crev-
ices in the bark reacted with 0.05 M TTCT and
hada pt of 5.5, I all cases the mosses were on
cither the southem side of the tree or the nn-
dersnrface of a branch. In dn conditions the
mosses were barel visible, bnt bright green
leaves opened within: seconds of their heing
doused with water. Tortula pagorum was also
collected from rongh bark on the southern side
of tree trimks and the indersurface of branches
of Encalyptns largiflorens F.Nhiell. (black box)
growing in bov swamps on the Nnngo to Poon-
carie road.

Tortula antarctica. Barbula
Brynm ('mn]n//ot/u citmpwere present at Nhmgo
onlv in protected habitats. All three ocenrved
0CC m(nm”\ nnd( o the protec tive “skirt”™ on the
sonthern side of a Triodia irvitans var, laxispi-
cata tussock and in sheltered. low-hing arcas
such as aterraced seetion of lake floorto the NW
ofthe Mimeo hiomestead. Two liverworts. Riccia
nigrella and R sorocarpa. were collected from

erinita. and

this location <)nl\

Two locations had a brvophyte assemblage
that inchided a number of introduced and cos-
mopolitan species. Brvophvtes collected in the
vicinity of the original Mungo homeste ad and



{ GRENT BASIN NATURALIST

Jicariir shod melnded Brippoe argentea, B.
Tic-hotommon twet area at base of aconerete tank
wnd - and Trichostomopsis anstvalasiae. Bryo-
phstes colleeted front damp sand in F]I(‘ vicinity
of Vigars Wells. once a staging post for Cobb &
Co. conches on the NE side of the lmette,
melnded Brynueargeutcune. Funaria lyeronict-
rica. and Tricliostonwopsis aust ralasiae.

Si\ 1110O8SCS x\ll(l one Ii\‘(’l\\'()l't were ('()”(’('t('d
from the @psnm site at Pooncaric and two
additional Tvervorts were enltivated (Table 3).
The species list is very sinilar to that of Nungo
National Park. Tivo species collected at Poon-
carie. Riccia albida and Aloiua aloides var. am-
Digna, were not present on the calcareons soils
of Nungo National Park. Scott (1983) records
the Tubitat for Riccia albida as being predomi-
nanthy on gvpsm-rich soils. Aloiua aloides var.
anbica may be an introdneed species (Catche-
side 19501 and its presence may be a result of
the nearby bnsy road and stock ronte.

[ stmary. brvophytes of Mungo National
Park appear to be most abundant where soilsare
fow Iving, stable. fine textured, with high pH.
ligh clectrical condnetivity, and high levels of
caleinm, nitrogen. l)huslﬂ]oms. and - organic
matter and where vaseular plants contribute
least shiading ti.e. dight levels are high), least leal
litter. and lowest fire freguency.

Itis interesting to ('()mp:n'u'the species list of
mosses collected in Mimgo National Park with
specieslists of mosses recorded from otherareas
within the Anstralian Arvid Zone. A recent study

Stonchumer et alin press) has provided 2
valiable census of mosses for the Botanical Re-
Zions of Westem Anstralia. The honndaries of
two of these regions, Carmanvon and Nullarbor
approzimate the houndaries of the Camanvon
md Enelasedimentarny basins respectively (Fig,

I The calearcons soils and inderlving lime-
done rocks that dominate these basins were
de posited as marine sediments duving the Ter-
oy Annod ramitall s approxinmately 200-300
nneathishe Carmanoon Botanical Region and
1500 200 1 thin the Nullarbor Botanical

Reoon
\ comprel s list Tias also been
asscinbled  for N Ficld  Centre
207°S 13T 237 o Nustralia Bell
1950 TTowarth 19 L Research
Stition soils e acol dearcons
arthy and conere tions ol e are
\id-

Wiy of the s

1
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Tawr 50 Mosses of Mungo National Park and their
occeurrence within the Carnarvon and Nullarbor Botanical
regions (Stoneburner et al. 19930 and Middleback Field
Centre (Bell 1980, Howarth 1983), Australian Arid Zone.

present at this location

\Mungo Carnarvon  Nullarbor  NMiddlehack

POTTIACEAE

Aoina aloides
var. ambigna

Aloina hifrons : :
Barbula crinita ° °
Barbula hornschuchiana ° °
Crossidinn davidai : ° :
Crossidinm geheebii ‘ : ¢
Desmatodon concolutus ° J ©
Desmatodon reawrcatus © ° ¢
Dichymodon torguatns - ° ° 9
Prevygoncunon ovatun © N :
Tortula antarctica N °
Tortula pagormm : :
Tortula papillosa
Trichostomopsis anstralasiac N N
Brywceae
Brypn argent cun g
Bryun campylothecium - :
Brium dichotonnm ‘ : :
Bripan pachytheca : N N
FUNARIACEAE
Funaria glabra G
Funaria hyjgrometrica N ’
FISSIDENTACEAR
Fissidens vittatus N N
GIGASPERNACEAE
o o

Gigaspermum repens

limit of the Australian Arvid Zone. has an annnal
rainfall of 200 mm, and lies within the Eastem
Mulga Botanical Region (Jessop 19S1).

There is a remarkable similarity between the
assemblage of mosses at Mungo National Park
and those within the Camarvon and Nullarbor
Botanical regions and at Middleback Field Cen-
tre (Table 3).

Many ol the hryvophytes collected Trom the
calearcons soils of Mimgo National Parkare also
present on limestones in high rainfall areas ol
castern Anstralia. As at Nhmgo, the moss floras
ol three Timestone sites in eastern Australia,
Jenolan, Googong and Moonbi, are dominated
by acrocarpons species of - Pottiaceae and
Brvaceac. Didynodon torquaties, Gigasperiin
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repens, and Fissidens vittalns are present at
cach limestone site. The livenvort floras of these
sites consist mostly of thallose liverworts from
the order Marchantiadles  (Downing 1992,
Downing nnpublis‘he(l data).

A comparison of brvophytes of Nhmgo Na-
tional Park with those of limestone sites in high
rainfall areas of castern Australia indicates manv
sp(‘ci(hs present at Mnnf_{o are also preseut on
castern limestones. Jenolan (33°47'S 150°05'E)
is located 792 meacs.l and has an annoal rainfall
ol 943 mn. Coogong (35°31'S, 145°16'K) 1s 670
maasowith a rainfall of 640 mm per anmum,
and Moonbi (30°36S. 150°536 ) is 540 nia.s.l.
with rainfall of approximately 700 mm per an-
nmumn. Of the brvophvte species collected
Mungo. 52% were collected also from (,()()tr(mtf
63% from Moonbi and Jenolan. Comparisons

for mosses alone are more striking: 62% of

Muimgo species were also present at Googong,
T1% at Moonbi. and 76% at Jenolan Caves (Tu-
ble 6). Brvophytes were also more abimdant on
limestone substrates, hotl in percent ground
cover and in number of species present, than
they were on nearby non-calcarcous substrates
(Downing 1992).

At Mungo, microbiotic crusts are best devel-
oped where the soils are fine textored and have
a high pll. high electrical conductivity, high
levels of caleinm. phosphorus. and nitrogen.
high light levels, minimal leaf litter, and low five
frequency: Limestone soils are fine textured and
high in caleinm: thev also have a high pH and
hwh electrical conductivity, Where caves are
present in limestone. ph()sph()m\ is often de-
posited as bat gnano (Came and Joues 1919,
Lishnnmd et al. 1956). Where karst is well de-
veloped. limestones provide arid microenviron-
ments  even in high  rainfall areas with
prccipilution in excess of 2000 m per animim

(Jennings 1955). The aridity of karst geomor-
phology is reflected in the lack of \‘l.\(llldl
plants, particularly trees (Encalyptus spp.). n
theirabsence, ight levels are high. there is mini-
mal leaf litter (Downing 1992), and fire fre-
riency is reduced (Holland 1993). Thus. the
envirommental factors that promote the abun-
dance of brvophvtes on calearcous soils in arid
environme nts are also prese nt on limestones in
high rainfall areas of castern Anstralia

At Mimgo and at cach castermn limestone
location, the moss Horais dominated by acrocar-
POUS 1N0SSCs. and the liverwort fora is domi-
nated by thallose hvernwvorts of the order
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TAaBLE 6. Mosses of Mungo National Park and their
occurrence on castern Australian limestones - Downing et
al. 1991 Downing 1992, Downing uupu])]i\h(-(] dlatar °
present at this location,

Moonbi

Mungo Googong Jenolan

POTTINCENEF

Nloina aloides

var. ambigua
Moina bifrons
Barbula crinita
Barbula hornschinchiana
Crossiditm datidai
Crossidinm gcheebii
Desmatodow conrolutns
Desinatodon vecurratus
Didymaodon torquatus

o

Pterygoncurun otatum
Tortula antarctica
Tortula pagorum
Tortula papillosa
Irichostomopsis
australusiac

BRYACEAE
Brijumn argentenn
Bryum campylothceiumn

Bryum diclotonuan
Bryum ;)m'/u/l/u'r'(l

FUNARNCEAL

Funaria glabra
Funaria hyarometrica

FISSIDENTACEAL
Fissidens vittatus

GIGASPERMACE

°

Gigaspernum repens

Marchantiales. Pleurocarpous mosses and leafy
livenwvorts ave present on limestones onhvwhere
rainfall is greater than 630 mm per anmim. Two
families. Pottiaceae and Brvaceae. dominate the
moss {lora at cach site. with Gigespermum re-
pens and Fissidens cittatus also present ( Down-
ing et al. 1991, Downing 1992, Downing
l]l]])lll)h\]l( (I data: Table 7.

Recognition of calcarcous soils i sonthem
Anstralia imay be possible by asse sssing the abin-
dance of l)l\nph\t( s. The nnmber of speciesand
the percent coveron caleareouns soils will exceed
the numberof species and coveronnon- calcare-
ous soils. Acrocapons mosses  (Pottiaceac.
Brvaceae! and thallose liverworts  Marchan-
tindes) will dominate the brvoflora. and a number
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| S

| T D] iy Lita

Jenolan

943 nnn per anmum?)
A

Ao ps TS%
Pleur ‘.“'l“ %2‘,‘?
Pothiace 31%
Biacea 14%
Corsaspe e repei Present
Fossedens cittatus Present

Present
Present

Faaly
Ihallose

Marchantiales

ol kev species will be present: Dichjnodon tor-
(/uu/us Brynne pachytheca or B. dichotomuin,
(2 l"ll\])()))lnlll repens, and Fissidlens cittatns.
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